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ABSTRACT

According to the worldwide interest in controlling COz which contributes to green
house effect, new techniques of reducing CO: are under development. We have
developed new technique for reducing COz. In low CO: concentration, the chemical
absorption method is useful. In this study, the kinetics of the reaction between CO2
and the sterically hindered amine solution with piperazine, have been investigated
from measurements of the rate of absorption of COz in the stirred vessel that has a
horizontal liquid-gas interface, in the temperature range 30~707T. The experiments
were carried out in the range 10.130~20.260 kPa of partial pressure of COz, and in
aqueous 2.0 kmol/m® AMP solution with 0~0.4 kmol/m® piperazine.

The experimental results are as follows:

1) The absorption rate of COz into agueous AMP + piperazine solution is getting
faster than that of aqueous AMP absorbents with temperature. Because the activa-
tion energy of piperazine 57.147 kJ/mol is higher than that of AMP 41.7kJ/mol,
therefore the effect of piperazine on absorption rate increases with temperature.

2) Compared with aqueous AMP solution, the absorption rate of COz into AMP +
piperazine solution increases from 6.33% at 30T to 12% at 70T, so AMP +
piperazine solution is thought to be a better than AMP solution.

3) The reaction rate constants of piperazine in aqueous AMP solution with CO2
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have been determined as 217.21, 420.46, 707.00 and 3162.167 m®/kmol - s respec-
tively at 30, 40, 50 and 70°C but these results are higher than those of Xu® which
were 186.7. 367.32. 693.01, 2207.65 m®/kmol -s at 30, 40, 55. 70°C in aqueous
MDEA solution. So the regression analysis of the data has led to the followirg
equation In kp=28.324-6934.7/T.
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A Agitated vessel B @ Motor

C : Controller D : Soap bubble meter
E @ Saturation bottle F @ Circulation

G : Mass flow controlier H @ CO:; Cylinder

| Gas regulator J Nz Cylinder

K . Analyzer L @ Water bath

Fig. 1. Schematic diagram of the experi-
mental apparatus.
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Table 1. Experimental conditions
Absorbent, AMP

Additive
Temperature

piperazine
30. 40. 50, 70T

Concentration AMP: 2.0 kmol/m’
piperazine: 0~0.4 kmol/m’

RPM 300

Pooz 10.130, 15.195. 20.260 kPa

Interfacial Area | 18.64 cm?
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2 AFAAM AFEE vhgr], FEA 9 o) e
o] & ME WEFHE TEs7] Y B
Ag AF SFAELE ot WHawd &F
Z54 100 em®S FY8a NoZ purgerl 70 ¥ b
719 {72 E gAY a8 ddte &
&9 pure CO& ARFHFRA7] (Mass Flow Con-

3
troller) & o] &3td wbg7W {&7129] ol iteler
A F5 £ Hitec AH9 Gir-5000 gas £41& o] &
stal 99 9%7 sle AR Y =3 o A A%
300 rpme 2 wwRtE FAle)| dAPAZE Hdor F
FE Vo 7t2g /3E SN YT K
Zo] §% AZEH COx9 #5E ¥& 7oA
o A dojF olatg e FFRuWE
Fig. 2o el er G2|H 45 &34 A



490 AR FFY - 28 BF

42 737) 98 theol AAE A (24)914 (26)
& olgeta k& FHRAT.

1 dn
A dt

| t=0N(/)\:kL(CAi_CA) [eep (24)

ZIMEF 271X £4F COz bulk FE Cas
0ol Hof 4 (24)ellA Ni” = ki Cat T} mhe}bA
Ng AAe,

v ___ART
dt |(:0—‘ p—PVAP kLCAi (25)
ahe
P—Pva dv
— = vap ULV
KL= ARTC, dt =0 (26)

o714 As 7]-4 HEFAA, P H718t, Pews
SFE F71YE, Cas CO28l ¥8-719 ¢ &7
4 Aol Mo BT 2 AL 18.64 cm®o)B} Culk
Xu $°'¢] Ang A&t}

2 (2609 Z7he] w& Y3ty Fig 24 &
& 7 exdd Jgg 45 e mded 23
AGAS kg T 1 g2 30T, 40T, 50T,
70TAIH 2.730x 107, 3.172x107°,  3.564%
107 3.826x107 cmy/sec Lt

7
6 L
5
—~4
£
L2
gt
2r 0%3,754
»313.15K
1 323,15k
343,15k
0 . ;
0 20 40 60 80 100

time(sec)

Fig. 2. Volume change of CO; absorbed into
pure water.
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wol gkggoler s 2AIAY AMP 89 5%
2 kmol/m’el| piperazine® #7120, 0.1, 0.2,
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Table 2. The effect of piperazine with temperature

AMP (2 kmol/m® .
. mo. /m0) Overall rate Koo (2kmol/m° AMP)- The percentage
+ piperazine . .
Temp. constant(s ) K‘,V(kaol/msAMP + of increasement
piperazine concentration , 3 . . o
s Kew 0.42mol/m” piperazine) (%
(kmol/m”)

0 1414.75
0.1 1444 80

303.15 k - 89.60 6.33
0.2 1473.14
0.4 1504.34
0 241037
0.1 2469.15

32315 k _ 170.17 7.06
0.2 2327.12
0.4 2580.54
0 4113.18
) 0.1 4212.:1

313.15 k A 286.65 6.97
0.2 4303.62
0.4 4399.63
0 10268 .53
0.1 10586. 14

343.15 k 1230.35 11.98
0.2 10842 .37
0.4 11498 88
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Table 3. Confirmation of reaction regime

V nch'OZCBn

X [Crox Cy < 1
Temperature kmD( Cs. V koD eCa,

P [ Cp % Ch
(C)

30 0.10836

40 0.11556

50 0.12070

70 0.14633
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1) %7t A3l we} piperazines 713
FrA el Arrekal @& FA Alolel Fs
T o7l W& A JERgon o] AHE
piperazine2] @A sleial 57147 kJ/mol
o] AMP9] EAisteliAl Ey 41.7 kJ/mold
o} 2y Wi neog BFE FFEEo
& piperazined 71 ®rt F718k7| W<l

Rog wehdn

2) wrel &4 AMP 2.0 kmol/m’el pipera-
zine ¥5% 0.4 kmol/m’7HA #H: A&
) &Y AMP 549 sl 30T A #H4
6.33%, 70 CTAlM Hd 12% 8= F5EE
AL AL 4 gloma MNFFAY vhedE
vlsl B o 71&e] FFAEC SEvin B
& 2.

3) T@FFAe CO; 4¥elA piperazinedt
COx2e} Wre&E44E 30, 40, 50 70T
A Z-zb 217,21, 420.46, 707.00, 3162.167
m*/kmol - s@.2® MDEA®| piperazine®
H7bsied g Xu¥el Agelr 30 40. 55,
70CAAM P& 186.7, 367.32, 693.01,
2207.65 m’/kmol - sg7} Hlwated & uwf 30~

70C RE HelolA] Xug) AxEch sgA Ve
Wwod piperazine® CO¢ WEEZATE

In ke=28.324-6934.7/T2 vehd == )t}

Ab AL

2 A7E BRReNFAT ATV (FHAT
& AFa)d old SAHAEUG @7 E A
A3l F4 Agol ZAERUT

: concentration in liquid phase, kmol/m>
. diffusivity, m®s”

. activity in liquid phase, m%/s

o | g 0

solubility coefficient
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* stoichiometric coefficient

: absorption rate. kmol/m’s

! interface Area

reaction rate constant of reaction of
AMP, piperazine

: mass-tranfer coefficient of reaction
: partial pressure, kPa

© partial pressure in equilibrium. kPa
. absolute temperature, K

: the gas constant

: enhancement factor of CO2

. corresponding to AMP
. constant defined Eq. (4)
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